We conducted a prospective study to assess the effectiveness of a platelet-rich plasma hourglass graft in the repair of small tympanic membrane perforations as an office-based procedure. Our study population was made up of 25 patients-10 men and 15 women, aged 19 to 45 years (mean: 30.4 ± 7.2)-who each underwent repair of one eardrum. After administration of topical anesthesia, a single piece of platelet-rich plasma approximately double the size of the perforation was obtained from each patient's intravenous blood sample. After the margin of the perforation was freshened, the platelet-rich plasma was placed in an hourglass configuration, with equal portions lying medial and lateral to the perforation. Successful perforation repair was achieved in 21 of the 25 ears (84%). No patient developed an infection, hearing impairment, tinnitus, vertigo, bleeding, taste disturbance, or hyperkeratosis. We conclude that office-based platelet-rich plasma myringoplasty is a safe and effective minimally invasive procedure that is suitable for repairing small tympanic membrane perforations.
Introduction
An unrepaired tympanic membrane perforation can significantly affect a patient's quality of life. 1 Repairs are required regardless of the size of the perforation because without closure, patients might develop hearing loss, chronic otorrhea, and/or a cholesteatoma. 2 Among the many materials available for closure are perichondrium, 3 temporalis fascia, 4 and cartilage. 4, 5 The underlay technique is the most frequently used method of repairing membrane perforations. 6, 7 Platelet-rich plasma contains a highly concentrated amount of autologous growth factors. 8 Since its first clinical application in the mid-1980s by Ferrari et al 9 in open-heart surgery, it has been safely and effectively used in many fields. 8, 10 In otolaryngology, Erkilet et al reported in 2009 that autologous platelet-rich plasma effectively accelerated tympanic membrane perforation healing in rats. 11 In a subsequent clinical study of platelet-rich plasma application during the repair of large tympanic membrane perforations, El-Anwar et al demonstrated a positive effect of platelet-rich plasma on healing. 12 In this article, we describe our study of the effectiveness of a platelet-rich plasma hourglass graft in repairing small tympanic membrane perforations as an office-based procedure.
Patients and methods
We conducted a prospective study of 25 patients-10 men and 15 women, aged 19 to 45 years (mean: 30.4 ± 7.2)-who each had a small, dry, unilateral tympanic membrane perforation that had been caused by tubotympanic chronic suppurative otitis media. These perforations were surgically repaired with a platelet-rich plasma hourglass graft in the Department of Otolaryngology-Head and Neck Surgery at Zagazig University Hospitals in Zagazig, Egypt, from April 2012 to December 2014.
Our inclusion criteria required that each tympanic membrane perforation had been dry for at least 1 month before surgery and that the middle ear mucosa be apparently healthy. Also, the perforations had to measure less than 2 mm 2 (i.e., less than half the size of a tympanic membrane quadrant as described by Saliba 13 15 ), marginal and attic perforations, or suspected ossicular pathology (>40-dB air-bone gap) were also excluded, as were patients who were younger than 16 years of age.
All patients provided a full history and underwent a general and local examination, including otoscopic and microscopic ear examinations and an audiologic evaluation to confirm the perforation and to assess hearing level. Patients also underwent measurements of their complete blood count, erythrocyte sedimentation rate, and coagulation parameters to determine if any contraindications to platelet-rich plasma use existed. 12 Preparation of the platelet-rich plasma. After topical anesthesia was applied to the ear, the platelet-rich plasma was prepared as described by El-Anwar et al 12 with 5 ml of peripheral venous blood drawn from each patient with a 16-or 18-gauge butterfly needle to avoid irritation and damage to the platelets. The extracted blood was placed in a 5-ml plain vacuum tube (without anticoagulant or calcium) and immediately centrifuged for 12 minutes at 3,200 rpm.
The centrifugation caused the blood to separate into the three layers of different density. 16 The bottom layer consisted of red blood cells, the middle layer consisted of platelet-rich plasma (about 1.5 ml 3 ) that contained platelets and white blood cells (buffy coat), and the top layer contained platelet-poor plasma. The platelet-rich plasma layer was extracted just before application.
Placement procedure. Just before the procedure, topical anesthesia was achieved by inserting a lidocaine 2.5% and prilocaine 2.5% cream pack (EMLA; AstraZeneca; Cambridge, U.K.) into the external auditory canal for 20 minutes; the platelet-rich plasma was prepared while the anesthesia was taking effect. Patients were placed in a supine position with their head turned so that the ear with the perforation was up. Perforations were present in the right ear in 14 patients and in the left ear in 11 patients. The margin of each perforation was freshened, and a single piece of platelet-rich plasma, approximately double the size of the perforation, was prepared.
Via a transcanal approach, the platelet-rich plasma was inserted through the perforation and placed in an hourglass configuration, with nearly equal portions lying medial and lateral to the perforation (figure, A). Next, a second, larger piece of platelet-rich plasma was placed in the external auditory canal over the hourglass piece (figure, B). A meatal pack of soft paraffin-impregnated gauze was placed for 1 week. No ear dressing was used, and patients were discharged after the procedure with postoperative instructions.
The pack was removed after 1 week, and patients were followed for 3 months. The grafting was considered successful if no residual perforation was observed during the follow-up period. Air-and bone-conduction thresholds for each patient were calculated as the mean of the 0.5, 1.0, 2.0, and 4.0 kHz thresholds 17 preoperatively and 3 months postoperatively.
Statistical analysis. Statistical analysis was performed with the Statistical Package for the Social Sciences software for Windows (v. 17). The Student t test was used to compare quantities data, and statistical significance was set at p < 0.05.
Ethical considerations. The study protocol was approved by the Institutional Review Board at Zagazig University Hospitals, and formal written consent to participate in the study was signed by all enrollees.
Results
Successful repair was achieved in 21 ears (84%). No patient developed an infection, hearing impairment, tinnitus, vertigo, bleeding, taste disturbance, or hyperkeratosis. The mean air-bone gap at speech frequencies improved significantly from 16 ± 3.83 dB preoperatively to 7 ± 2.9 dB postoperatively (t = 9.3671, p < 0.001).
The mean duration of the procedures was 4.0 ± 1.5 minutes. All patients tolerated the procedure under topical anesthesia. No oral anxiolytics were administered before the procedure, and no conscious sedation measures were necessary during the procedure. Postoperative pain was tolerable in all patients, and there was no need for an injectable analgesic.
Discussion
The safety and effectiveness of myringoplasty notwithstanding, some adverse events such as infections, bleeding, and ossicular chain injury with hearing impairment can occur. Recurrent infections can be caused by exposure of the ear to water during bath- ing or swimming or the loss of a "middle ear cushion" that facilitates eustachian tube reflux. 1, 18 Such patients might benefit from a myringoplasty to prevent these infections and to allow them to resume any activities that have been restricted by water precautions. Traditionally, the most common techniques used to repair small tympanic membrane perforations in the outpatient office setting have been cauterization of the perforation margins, fat-graft tympanoplasty, and paper-patch tympanoplasty. 2, [19] [20] [21] [22] [23] [24] [25] [26] Some authors have reported success rates with cauterization in the range of 75 to 90%, although as many as 14 treatment sessions were required. 21, 22 Success with fat-graft myringoplasty has been reported in 76 to 92% of cases. 20, [24] [25] [26] On the other hand, Golz et al reported that closure rates with paper-patch myringoplasty were only 63.2, 43.5, and 12.5% for small, medium, and large perforations, respectively. 23 In that study, the small perforations required the fewest treatments and took the least amount of time to close.
In our study, perforation repair was successful in 84% of cases in a single office visit. As a carrier of growth factors, platelet-rich plasma accelerates endothelial, epithelial, and epidermal regeneration, stimulates angiogenesis, enhances collagen synthesis and soft-tissue healing, decreases dermal scarring, and promotes the hemostatic response to injury. 27 Autologous platelet-rich plasma is easy to prepare and handle, and no associated side effects have been reported. 28 In addition, the presence of white blood cells in high concentrations in platelet-rich plasma plays a significant role in preventing infection by acting as a bactericidal. 10, 29 This was evident in our study, as we encountered no case of infection after the procedure. Moreover, since platelet-rich plasma is autologous, it contains no additives such as anticoagulant or calcium, and this ensures the absence of any possible toxic effect to the inner ear. The in vivo half-life of these platelets is about 7 to 10 days, which is a sufficient duration for healing. 30 Throughout the procedure, morbidity is minimized because no graft harvesting, no flap elevation, and no manipulation of the middle ear structure is required. Thus, donor site morbidities such as hematomas, perichondritis, and auricular deformities are avoided. Moreover, this procedure precludes the types of injury to the chorda tympani nerve or middle ear structures that can occur in conventional myringoplasty. At the same time, medialization of the graft is not a problem with an hourglass graft.
Of course, the use of platelet-rich plasma to repair small tympanic membrane perforations does not require general anesthesia or hospital admission. In addition, it has some advantages over the other common office-based procedures. No incisions are required to obtain the graft, unlike the case with fat-graft myringoplasty. There also is no need for multiple sets of paper patch as is the case with paper-patch myringoplasty, 23 and there is no risk of chemical damage by cauterizing material as could occur with the cauterization method. 30 However, as is the case with other office-based myringoplasty procedures, exploration of the tympanic cavity cannot be performed during platelet-rich plasma placement, and the integrity and mobility of the ossicular chain cannot be tested.
In view of its substantial advantages, we believe that office-based platelet-rich plasma hourglass myringoplasty is an excellent alternative for reconstructing a small, dry central tympanic membrane perforation. It is a safe, effective, and minimally invasive procedure, suitable for repairing small tympanic membrane perforations because its growth properties enhance healing. The procedure can be performed with topical anesthesia and without donor-site morbidity. Finally, it avoids extensive middle ear manipulation, and its success rate is comparable to those of existing surgical procedures. associated with this technique. We believe that this difference may disappear as soon as surgeons become familiar with the its use. Sophistication with and improvement in the Piezosurgery technique may allow application of the device through the intranasal route without causing any skin scars.
To conclude, we suggest that Piezosurgery can be a safe, practical, and effective method for performing lateral osteotomy in rhinoplasty. Popularization of Piezosurgery's use in rhinoplasty and more published reports on this procedure will aid in the establishment of more accurate conclusions. The time interval necessary for the learning curve is counteracted by comfort and satisfaction of both the patients and surgeons. Patient comfort is important in aesthetic procedures, and patient satisfaction enhances the surgeon's motivation to use novel methods. We hope that our results with Piezosurgery in rhinoplasty will encourage its use by surgeons who perform rhinoplasty.
